The hydro-distilled essential oil of Citrus sinensis var. mosammi was analyzed by Gas chromatography-mass spectrometry (GC-MS). Out of 18 components, 7 components were identified from their fragmentation pattern. Among the identified constituents, β-phyllendrene (27.544 %) was found as major component followed by 3 carene (7.630%), limonene (4.873%), β-pinene (3.278%), caryophyllene (3.154%), diethyltoluamide (2.339%) and -pinene (1.298%). The essential oil of C. sinensis var. mosammi leaves had promising antimicrobial activity against the tested bacterial and fungal strains. The inhibition zones were measured after 48 and 96 h following disc diffusion method. The results indicated that maximum zone of inhibition was exhibited by Aspergillus ficcum (17 mm) and staphylococcus aureus (16 mm) after a period of 96 h of incubation at 25°C in case of fungal and 37°C for bacterial strains, respectively.
INTRODUCTION
Rutaceae is a family of about 150 genera and 15000 species, temperate and tropical in distribution, mostly in Southern Africa and Australia (Mabberley, 1987) . In Pakistan it is represented by 11 genera and 27 species (Hassan-ud and Ghazzanfar, 1980) . The members of the family are strongly aromatic, containing essential oils. Some chief genera of Rutaceae are Citrus, Zanthoxylum, Ruta, Ptelea, Murraya and Fortunella. Citrus sinensis is one of the important medicinal plants of Genus Citrus. This plant is prescribed as a traditional medicine for the treatment of various ailments. It has been used as an anti-diabetic, antibacterial, antifungal, hypotensive, antioxidant, carminative, insect repellent, larvicidal, antiviral, uricosuric, anti-yeast, antihepatotoxic and antimutagenic agent (Han, 1998; Hamendra and Anand, 2007; Kanaze et al., 2008; Kumamoto et al., 1986; Ozcan et al., 2006) . The leaves and the peel of the fruit have been used to kill mosquito larvae and mites (Mwaiko, 1992) . There are strong evidences showing that the *Corresponding author. E-mail: shabnamjaved@yahoo.com. essential oil of C. sinensis have larvicidal, repellent and fumigant activities against Aedes aegypti L. mosquitoes (Omobuwajo et al., 2005) . Leaf extracts of C. sinensis have been used in folk medicine to treat neurological disorders and to facilitate the digestion of food (Holdsworth, 1992) . Decoction of dried leaves of C. sinensis is given in Italy as antispasmodic, cardiac sedative and antiemetic (Strange et al., 1993) .
One of the tested fungi was Aspergillus flavus that has been known to become opportunistic invader in immunodeficient individuals with anatomic abnormalities of the respiratory tract. Aspergillus fumigatus may colonize and invade tissues in a traumatized cornea, external ear burns and wounds. Aspergillus niger causes seborrhea dermatitis and otomycosis. Fusarium produces trichothecene toxins, ancillary diseases and sudden death syndrome (Akihisa, 2000) . While Penicillum is known to cause penicillosis and Candida utilus for candidiasis, involved in the destruction of food and feed (Annapurna et al., 2003; Amaral et al., 1998) .
Literature survey reveals that extensive studies on the Citrus peel oil has been carried out (Ravi et al., 2010 2008). However little information were found concerning regarding the oil chemical composition of C. sinensis var. musammi leaf oil of Pakistan. The aim of present study was to explore the active chemical composition and to test the antimicrobial activity of essential oil extracted from fresh leaves of C. sinensis var. musammi against strains of public health significance.
MATERIALS AND METHODS

Extraction of essential oil
The fresh leaves of C. sinensis var. mosammi were collected from Rawalpindi city and were subjected to hydro-distillation by using Dean-Stark assembly (Sattar, 1989) . The distillate was removed and separated from water by using a separating funnel. It was dried over anhydrous sodium sulphate and stored in a refrigerator until further analysis.
GC-MS analysis
The analysis of the essential oil was carried out on GC-MS of Agilent Technologies, Model 6890N, USA. The oil sample (1 L) was injected to a 30 × 0.25 mm DB-5 capillary column using helium as carrier gas; oven temperature was maintained at 40°C for 5 min with a 5°C rise per min to 140°C. Various components were identified by their retention time and peak enhancement with standard sample in gas chromatographic mode and MS library search from the derived fragmentation pattern of the various components of the oil.
Antimicrobial activity
The effectiveness of essential oil against microbes of public health significance was determined by agar disc diffusion method as its screening is an important evaluation for the potential antimicrobial activity. Table 2 .The growth medium were prepared, autoclaved and transferred aseptically to sterilized Petri plates. Microbial cultures, which were maintained in test tube slants, were transferred to their respective media Petri plates. Sterile and dried 6 mm paper discs (Difco USA) were impregnated with 20 µL filtered sterilized (0.45 Millipore filter) newly extracted oil were placed on freshly prepared microbial plates (4 disc in each plate) with a control. Petri plates were incubated at their respective temperature that is 25°C for fungi and 37°C for bacteria, for a period of 48 to 96 h. The oil inhibited the microbial growth, and clear zones were formed. The diameters of the zones of inhibition, thus developed against the tested organisms, were measured in millimeters (mm) using zone reader.
RESULTS AND DISCUSSION
The essential oil was extracted from leaves of C. sinensis var. mosammi by hydro-distillation. The yield of oil was 0.173%. GC-MS analysis of the essential oil revealed the presence of 18 components. Out of which 7 have been identified from their fragmentation pattern by mass spectroscopy using MS library (Table 1) . Essential oil of C. sinensis var. mosammi was found to be mixture of monoterpene (17.079 %), sesquiterpenes (30.698%) and amides (2.339%). The sesquiterpenes constituted the major portion of essential oil. β-Phyllendrene (27.544%) was identified as a major sesquiterpene hydrocarbon followed by caryophyllene (3.154%). Among the monoterpenes 3-carene was found as a major component (7.630%) followed by limonene (4.873%), βpinene (3.278%) and -pinene (1.298%). Diethyltoluamide (2.339%) was also found in appreciable amount. The limonene which is the chief constituent in about all the citrus oils was also present in C. sinensis var.mosammi (Shahzad et al., 2009; Amal et al., 2010) . The results of antifungal and antibacterial activity of leaves oil, investigated by agar disc diffusion method, are presented in Table 2 . According to our results A. oryzae (9 mm) and P. digitatum (10 mm) were found resistant while Fusarium oxysporium (12 mm), A. fumigatus (12 mm), A. nigar (13 mm), A. flavus (14 mm) and F. saloni J. Med. Plants Res. (14 mm) were intermediate as compare to F. miniformes (15 mm) and A. ficuum (17 mm), which were found to be highly sensitive to the studied oil, at 25°C after 48 h of incubation. It was found that that the oil showed highly variable degree of growth inhibition, depending on the microbial strains. Antimicrobial activity exhibited by the essential oils is directly correlated with the components that it contains (Bauer and Garbe, 1984) .The results of our studies indicated that the studied oil was found to be active against all tested bacterial as well as fungal strains of public health significance. The results were in agreement with the previous published studies (Ayoola et al., 2008; Kirbaslar et al., 2009) . It was noted that their inhibition zones persist clearly even after a period of 96 h incubation (Table 2 ). In case of bacterial strains the maximum zone of inhibition had been observed against S. aureus (16 mm) followed by Salmonella typhimurim (15 mm). They were more sensitive. Enterobacter arogenes (12 mm) and B. subtilis (11 mm) were intermediate while E. coli exhibited 10 mm zone of inhibition so it was found be resistant after 48 h of incubation at 37°C. The present investigation indicated no decrease in the zone of inhibition after 96 h. It was found during the present investigation that the tested oil has shown nearly equal antimicrobial effects on both Gram positive that is B. subtilis, S. aureus and Gram negative that is E. coli, S. typhimurim, E. aerogenes bacterial strains in culture media. Similar kind of observations were also made by Khurram et al. (2009) and Ravi et al. (2010) indicating that the essential oil of citrus peel was active against all tested bacteria including both Gram positive and negative cultures (Ayoola et al., 2008; Sikkema et al., 1995) .
Essential oils usually occur as complex mixtures and their activity can generally be accounted for in terms of their major monoterpenoid components. According to Sikkema et al. (1995) , the antimicrobial action of monoterpenes suggests that they can easily diffuse into or penetrate through the damage cell membrane structures of microorganisms (Taylor et al., 1996) . Essential oils, rich in terpenes, have been shown to possess good antibacterial activity (Dorman and Deans, 2000; Afolayan and Ashafa, 2009) . Similarly -pinene and -pinene have been reported to display strong antibacterial effects (Sassi et al., 2008; Koji et al., 2004) . In present study, the antifungal activity exhibited by the essential oil of leaves of C. sinensis var. mosammi could partly be accounted by the presence of constituents like α-pinene, a compound that has been reported to possess strong antifungal activity (Magiatis et al., 2000; Chaisawadi et al., 2003) . It is further reported that the antimicrobial property of the essential oil is because of the fact that it contains active components which influence certain metabolic functions of microbial cells (Matasyoh et al., 2007) . In addition, some components that occur in lesser amount may also contribute to the antimicrobial activity of the oil, involving probably some type of synergism with the other active compounds (Rodrigues et al., 2004) .
Conclusion
The results of our present study showed that the essential oil of C. sinensis var. mosammi leaves can be utilized in food, beverages and perfumery. Moreover, due to its antimicrobial activity against pathogens of public health significance, it is use as a natural preservative in medicines, cosmetics and food is also recommended.
